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SELENIUM AND S-ADENOSYLMETHIONINE NUTRITIVE COMPOSITION 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to nutritional supplements to 
5 the mammalian diet, and more specifically to nutritive 
compositions that include a combination of selenium and S- 
adenosylmethionine (SAM) , and which optionally include vitamin 
B 12 and cyanide . 

2 . Background of the Invention 

10 Historically, selenium has been regarded as toxic to animals 

and humans . Toxic organic forms of selenium include selenium 
accumulator plants that incorporate selenium into 
nonproteinaceous amino acids including Se-methylselenocysteine, 
selenocystathione, selenocystine, and selenohomocysteine . 

15 Nonaccumulator plants, on the other hand, incorporate selenium 
into the proteinaceous amino acid selenomethionine. In addition, 
both types of plants, as well as certain microflora, detoxify 
some selenium through methylation, producing dimethylselenide or 
dimethyldiselenide . It is understood that inorganic forms of 

20 selenium are less toxic than organic forms. In presently known 
mammalian selenium proteins and enzymes, selenium is generally 
in the form selenocysteine. 

In the late 1950s, the medical community discovered that 
selenium, which had been regarded as a poison and is among the 

25 most toxic of all minerals, was an essential biological trace 
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element in animals and humans. In 1957, Klaus Schwarz, ac the 
National Institutes of Health, discovered that selenium was 
required by rats to prevent dietary liver necrosis. Later, 
selenium was found to be a component of glutathione peroxidase, 
a common mammalian enzyme that functions to protect cells against 
oxidative damage. Selenium is a necessary part of the diet 
because of its role in essential enzymes such as glutathione 
peroxidase. Indeed, a lack of selenium is now understood to have 
deleterious effects on mammalian health. Low levels of selenium 
has been associated with an increased risk of certain types of 
cancers, congestive cardiomyopathy, skeletal myopathy, anemia, 
cardiovascular disease, immune system dysfunction, and nail and 
hair abnormalities. [Bonomini and Albertazzi, Artificial Organs , 
19(5):443-48 (1995)]. It is understood that, in mammals, 
methylated forms of selenium are more active than non-methylated 
forms . 

Daily selenium intake in amounts greater than the levels 
ingested in the typical diet and less than levels required to 
produce a toxic effect is known to have numerous health benefits 
including possible reduction in risk of certain types of cancer, 
a reduction in the effects of various mutagenic agents, a 
reduction in the toxicity of heavy metals such as cadmium and 
mercury, the stimulation of the immune system, the detoxification 
of certain enzyme reactions, and the prevention of 

cardiomyopathy . 

The dietary requirement for selenium may be fulfilled from 
the inorganic salts, selenate and selenite, and various organic 
selenium compounds. which are metabolized in part into 
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selenoproteins . 

Animals can metabolize both inorganic and organic forms of 
selenium and convert monomethylated selenium to its methylated 
forms. Selenium occurs in a variety of different chemical forms 
in plants and animals. Plants take up inorganic selenium and 
convert it to numerous selenium analogs of sulfur compounds 
whereas animals metabolize both organic and inorganic forms into 
biologically active compounds. Since animals typically have 
limited reserves of selenium, it is an essential component of the 
diet if a sufficient amount of biologically active selenium is 
to confer its known health benefits. 

It has been reported that approximately 250-300 M 9 per day 
of selenium is believed to be needed for selenium to play a 
chemopreventive role. [Hocman, Tnr .T Biochem. , 20 (2) : 123-32 
(1988)]- It has been reported that early symptoms of toxicity 
occur at about 900 „g per day of selenite. and that about 600-800 
M g per day is considered safe. These reports of selenium safety 
and toxicity relate to an inorganic form of selenium administered 
without any mollifying agents. As disclosed herein, such a 
mollifying agent may be S-Adenosylmethionine, vitamin B„ or 
cyanide . 

For humans, an uptake of 50-200 Mg/day is considered safe 
and adequate by the Food and Nutrition Board, with healthy North 
American males requiring 80 m/**Y and females requiring 57 
^g/day. Actual daily uptakes vary widely around the world 
dependent upon the concentrations of selenium in soil which 
varies considerably at different geographical locations. 

S-Adenosylmethionine (SAM) is a significant physiologic 
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compound which is present throughout body tissue and takes part 
in a number of biologic reactions as a methyl group donor or as 
an enzymatic activator during the synthesis and metabolism of 
hormones, neurotransmitters, nucleic acids, phospholipids, and 
5 proteins. SAM may be second only to adenosine triphosphate (ATP) 
in the variety of reactions in which it is a cof actor. SAM is 
metabolized via three metabolic pathways of transmethylation, 
transsulfuration, and aminopropylation. iStramentinoli , Am. J. 
Med. , 83(5A):35-42 (1987)]. In higher organisms, SAM plays a 
10 significant role in transmethylation processes with more than 40 
anabolic or catabolic reactions involving the transfer of the 
methyl group of SAM to substrates such as nucleic acids, 
proteins, and lipids, among others. Also, the release of the 
methyl group from SAM is the start of a "transsulfuration" 
15 pathway that produces all endogenous sulfur compounds. After 
donating its methyl group, SAM is converted into S- 
adenosylhomocysteine, which in turn is hydrolyzed to adenosine 
and homocysteine. The amino acid cysteine may then be produced 
from the homocysteine. The cysteine thus produced may exert a 
reducing effect by itself or as an active part of glutathione, 
which is a main cell anti-oxidant . IStramentinoli, cited above] . 

Vitamin B 12 is known to function as a coenzyme in 
biochemical reactions such as the synthesis of proprionic acid 
and of methionine. 
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3 ripscription of Background Art 

While all the mechanisms by which selenium provides benefits 
to the human body are not known, selenium is believed to function 
as an antioxidant, immune response stimulator, and as a key part 
of some enzyme detoxification reactions. It is also understood 
that methylated metabolites of selenium may play an active role 
in cancer prevention. [Ip and Ganther, Cancer Res. , 50:1206-11 
(1990) ] . It is further understood that the degree of methylation 
is an important factor affecting the anticarcinogenic activity 
of selenium, the monomethylated form being the most effective. 
Up et al., r**n*r- Res. . 5^:595-600 (1991)]. Accordingly, 
attempts to supplement the human diet with selenium are known in 
the art. [See, e.g., Kiremidi jian- Schumacher and Stotzky, 

P nn mP nt a l Res.. 42:277-303 (1987); Shamberger. Mutation Res. , 

154:29-48 (1985)]. As another example, conventional selenium 
compounds such as sodium selenite, sodium selenate, and to a 
lesser extent selenocystine and selenomethionine have been used 
successfully as dietary supplements for suppression of tumors in 
rodents. [Vadhanavikit et al . , Xenobiotica , 23 (7 ): 731-745 
20 (1993) ] . 

The deterrent to using selenium as a dietary supplement is 
its inherent toxicity to mammals. There remains a need for 
nutritional supplements containing amounts of selenium sufficient 
to confer the prophylactic and therapeutic properties selenium 
is understood to have, yet not rising to toxic levels. 

SAM has been used to treat various disorders. In various 
forms of liver disease. SAM acts as an anticholestatic agent. 
[Adachi et al.. J.pnn Arch. Inter. Med., 33:185-192 (1986)] . SAM 



15 



25 



WO 98/11122 



PCT/US97/1G366 



10 



has also been administered as an antidepressant for use in the 
management of psychiatric disorders [Caruso et al., Lancet, 1: 
904 (1984)], and as an anti- inflammatory compound in the 
management of atherosclerosis [Domljan et al . , Int. J. Clin. 
Vha-rm. Toxicol ■ . 27 ( 7 ): 329-333 (1989)]. 

Low levels of SAM are believed to play a role in reducing 
the risk of certain cancers. (Feo et al., Carcinogenesis , 
£:1713-20 (1985)]. In addition, the administration of SAM has 
also been associated with a fall in the amount of early 
reversible nodules and the prevention of the development of late 
pre -neoplastic lesions and hepatocellular carcinomas. [Garcea 
et al.. Carcinogenesis , 8:653-58 (1987)]. 

Unfortunately, the SAM per se is unstable due to its high 
reactivity. The relatively recent synthesis of stable salts, 
15 however, has made SAM available for research and therapeutic use. 
[See, e.g., U.S. Patent Nos. 4,990,606 and 5,102,791]. 

Vitamin B 12 is generally known to function as a coenzyme in 
biochemical reactions such as the synthesis of proprionic acid 
and of methionine. Recent evidence suggests that the elevated 
levels of plasma homocysteine increase the risk of occlusive 
vascular disease. Adequate amounts of vitamin B 12 are considered 
the most important environmental influence on the accumulation 
of unnecessary homocysteine. [Joosten et al . , Am. J. Clin. 
Nutr'.' . M<4) : 468-76 (1993)1 . In addition, it is also understood 
25 that vitamin B 12 may play a role in the methylation of selenium. 
[Chen and Whanger, Tox. and AppI . Pharm., 118:65-72 (1993)]. 
Specifically, increased levels of vitamin B 12 significantly 
contribute to selenium methylation and might decrease overall 
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selenium toxicity by preventing its accumulation in tissues. 
[Chen and Whanger, cited above] . 

Cyanide was reported to inhibit tumor cell proliferation in 
mice with melanoma and in rat hepatoma and human colon cancer 
cells in culture. [Hu et al . , Biorhem. Pharm. , 37(11) :2259-66 
(1988)1 . in addition, studies have shown that pretreatment with 
cyanide in experimental animals profoundly inhibited the toxic 
effects of selenium [Davis et al., riba Found. Symp., 140:219-231 
(1988)]. On the other hand, cyanide reduces liver glycogen, 
implying greater emphasis on anaerobic metabolism through 
inhibition of cytochrome oxidase. This may increase reductive 
potential, but may also result in increased free radical 
production. [Davis et al., cited above]. 

There remains a need in the art for nutritional supplements 
that can improve mammalian health by virtue of the inclusion of 
substantially non- toxic amounts of selenium and SAM. 
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SUMMARY OF THE INVENTION 

The present invention relates to the use of nutritional 
supplement compositions to overcome certain nutritional 
deficiencies typically associated with the normal Western diet. 

It is therefore an object of the invention to provide novel, 
nutritious, and safe compositions for mammalian and human 
consumption as dietary supplements that include compendial grades 
of selenium and SAM, and that optionally include compendial 
25 grades of vitamin B l2 and cyanide. 

It is another object of the invention to provide methods of 
administering the nutritional supplements of the present 
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invention to mammals. 

As described above, the methylated forms of selenium are 
understood to confer certain health benefits beyond those of 
unmethylated forms of selenium. Therefore, it is yet another 
object to provide a method of increasing the methylation of 
selenium. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel nutritional compositions of the present invention 
provide compounds that are understood to improve the health of 
mammals. The present compositions are novel combinations of 
naturally occurring substances, are substantially non-toxic when 
administered according to the methods of the present invention, 
and provide for a more complete nutritional regime upon 

administration . 

The present invention focuses on the development and 
maintenance of vitality and fortitude of mammals as a direct 
result of the oral intake of the combination of compositions of 
the present invention. A primary aim of the present invention 
is to provide compositions that act on the mammalian systems to 
safely reduce the risks of health problems, including those 
arising from the presence of oxidants in the mammalian blood and 
tissues. This goal is accomplished by providing nutritional 
supplements that include selenium and SAM. the SAM component 
acting to increase the degree of selenium methylation, thus 
increasing its bioactivity. 

The present invention accomplishes these goals by providing, 
in amounts sufficient to confer the desired health benefits, a 

8 
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combination of a compendial grade of selenium and a compendial 
grade of SAM in a nutritional supplement composition. 
Optionally, a compendial grade of vitamin B 12 and/or cyanide can 
be added to the nutritional supplements of the present invention. 

The metabolic pathway of selenium is understood to be as 
follows : 

selenomethionine 
or 
Se0 3 
selenite 



H 2 Se > may be incorporated 

hydrogen selenide into proteins as 

selenocysteine or 
oxidized to 
elemental Se 



CH,SeCH 2 CH (NH 2 ) COOH - 
methylselenocysteine 

or 

(CH 3 ) 2 SeCH 2 COOH 
selenobetaine 



- - - > CH 3 SeH < - 
methylselenol 



CH 3 SeCN 
methylselenocyanate 



(CH 3 ) 2 SeCH 2 CO,CH 3 

selenobetaine methyl 
dimethylselenoxide 

ester 



> CH 3 SeCH 3 < 

dimethylselenide 



(CH 3 )- 3 Se* 
trimethylselenonium 



CH 3 Se(0)CH 3 



35 



40 



The metabolic detoxification of selenium requires a 
methylation pathway for its two major metabolites, dimethyl 
selenide and trimethylselenonium ion. In this metabolic pathway, 
an inorganic form of selenium called selenite undergoes reduction 
to form hydrogen selenide. This active intermediary metabolite 
may be used for selenoprotein synthesis, oxidized to elemental 
selenium or methylated into monomethyl, dimethyl, and trimethyl 
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metabolites. The process of methylation is a detoxification 
mechanism. 

With high intakes of selenium, the levels of intermediate 
metabolites increase, particularly methylated derivatives. 
Generally, it is understood that the monomethylated form of 
selenium, methylselenol , possesses the highest biological 
activity. Trimethylselenonium is inactive, most likely because 
it is rapidly excreted in urine. Dimethylselenide is usually 
exhaled. 

The importance of this pathway is that good anticarcinogenic 
activity is recognized when selenium is pushed beyond the 
hydrogen selenide step in the process -- this results in the 
creation of methylselenol, which has been proposed as the likely 
candidate for cancer inhibition. [Lu et al . , Biochem. Pharm., 
50 (2) :213-219 (1995) ] . 

The nutritional supplement compositions of the present 
invention contain a dosage of about 10 fig to about 5 mg, and 
preferably about 800 fig of selenium. 

Normal selenium metabolism involves reduction with 
glutathione and methylation by SAM, the body's primary biologic 
methyl donor. Since the methylated forms of selenium have 
increased biological activity, selenium compounds which generate 
a stream of methylated metabolites are more effective for 
consumption. 

In the body, SAM is synthesized from methionine and ATP by 
S-adenosylmethionine synthetase { ATP-L-methionine-S- 
adenosyltransferase) . Unfortunately, however, administration of 
SAM cannot be replaced by the administration of methionine. 
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During more than ten years of clinical use, as well as short- 
term, subacute, and long-term studies in animals, no serious 
toxic response from the use of SAM has been reported. On the 
other hand, methionine is highly toxic and may cause 
disorientation, vomiting, and shock with liver damage. This high 
toxicity may be the result of the rise in production of highly 
toxic circulating mercaptans resulting from the limited 
capabilities of mammals to metabolize methionine to SAM. 

According to the present invention, the simultaneous 
administration of selenium and SAM would result in increased 
utilization of SAM to convert selenium to its methylated 
derivatives. In addition, because the substitution of selenium 
for sulfur in SAM renders SAM more bioactive, the simultaneous 
administration of selenium and SAM increases the methylating 
activity of SAM. Thus, selenium and SAM are believed to function 
in concert in the nutritional supplement compositions of the 

present invention. 

It is known that the rate of demethylation of 
trimethylselenonium is dependent on homocysteine. Since 
homocysteine is in the metabolic pathway of SAM, the inclusion 
of SAM in the nutritional supplement compositions of the present 
invention will have the dual functions of increasing the 
methylation of selenium as well as demethylating the end 
metabolite of trimethylselenonium, through the increase in 
homocysteine, and, thus, preserving higher levels of selenium in 
a more active ant i carcinogen form. This may also result in a 
reduction of the dose of selenium required in the nutritional 
supplements of the invention to achieve the same biological 

11 
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effects as produced by a dosage of selenium without SAM. 

The dosage of SAM in the nutritional supplements of the 
present invention ranges from about 5 mg to about 5000 mg. and 
preferably about 2000 rag. The dosage of selenium in the 
nutritional supplements of the present invention ranges from 
about 10 M9 to a faout 5 m 9' and Preferably about 800 M 9 • 

Vitamin B 12 acts as a co-factor in methylation. In a 
preferred embodiment, a compendial grade of Vitamin B 12 may be 
employed in a multi -vitamin component. Each multi-vitamin 
component of such an embodiment comprises, by weight, about 0.1 
mg to about 10.0 mg of Vitamin B :2 , preferably about 5 mg. 

The fourth component in a preferred embodiment of the 
invention is cyanide. As stated above, cyanide may function as 
to inhibit the toxic effects of selenium. However, also as 
stated above, the presence of cyanide may increase the levels of 
oxidants in living systems, and the antioxidant effect of 
selenium is expected to ameliorate this side effect of cyanide. 
Hence, the nutritional supplement compositions of the present 
invention may optionally include a compendial grade of naturally 
occurring and substantially non-toxic cyanide in an amount 
sufficient to inhibit the toxic effects of selenium. In the 
nutritional supplement compositions of the present invention, a 
compendial grade of cyanide may be present in that amount of 
about 1 mg to about 1000 mg, and preferably about 500 mg. 

As a preferred embodiment, a dosage of the nutritional 
supplement compositions of the present invention may consist of 
a capsule for human oral consumption. In such an embodiment, the 
preferred weight of the dosage is between about 5 mg to about 
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5000 mg. and preferably about 2500 mg. The dosage may be 
administered in a single daily dosage form, e.g., a capsule of 
preferably 2500 mg. Alternatively, the nutritional supplement 
compositions of the present invention may be administered more 
than once daily. Hence, the presently claimed nutritional 
supplement compositions may be in the form of an oral dosage form 
of 1250 mg administered twice daily or 833 mg administered three 
times daily. 

These preparations may be made by conventional methods. To 
prepare the compositions of the invention, the above -described 
selenium and SAM (and optionally vitamin B 12 and/or cyanide) are 
combined as the active ingredient in intimate admixture with a 
suitable carrier according to conventional compounding 
techniques. This carrier may take a wide variety of forms 
depending upon the form of preparation desired for 
administration, e.g., oral, sublingual, nasal, or parenteral. 

in preparing the compositions in oral dosage form, any of 
the usual pharmaceutical media may be employed. For oral liquid 
preparations (e.g., suspensions, elixirs, and solutions), media 
containing for example, water, oils, alcohols, flavoring agents, 
preservatives, coloring agents and the like may be used. 
Carriers such as starches, sugars, diluents, granulating agents, 
lubricants, binders, disintegrating agents, and the like may be 
used to prepare oral solids (e.g., powders, capsules, pills, 
caplets, tablets, and lozenges). Capsules are a preferred oral 
dosage form. Controlled release forms may also be used. Because 
of their ease in administration, lozenges, tablets, pills, 
caplets, and capsules represent the most advantageous oral dosage 
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unit form, in which case solid pharmaceutical carriers are 
obviously employed. If desired, tablets may be sugar coated or 
enteric coated by standard techniques. 

For parenteral products, the carrier will usually comprise 
5 sterile water, although other ingredients may be included, e.g., 
to aid solubility or for preservation purposes. Injectable 
suspensions may also be prepared, in which case appropriate 
liquid carriers, suspending agents, and the like may be employed. 
Numerous modifications and variations of the present 

10 invention are included in the above- identified specification and 
are expected to be obvious to one of skill in the art. It is 
also intended that the present invention cover modifications and 
variations of the compositions and method for using them to 
accomplish their claimed uses within the scope of the appended 

15 claims and their equivalents. 
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WE CLAIM: 



1. A nutritional supplement comprising selenium and s- 

adenosylmethionine . 

2. The nutritional supplement of claim 1, wherein the 
selenium is between approximately 10 iig to approximately 5 mg, 
and the s-adenosylmethionine is between approximately 5 mg to 

approximately 5000 mg. 

3. The nutritional supplement of claim 2, wherein the 

selenium is* approximately 800 /xg. 

4. The nutritional supplement of claim 2, wherein s- 
adenosylmethionine is approximately 2000 mg. 

5. The nutritional supplement of claim 1, further 

comprising vitamin B 12 . 

6. The nutritional supplement of claim 5, wherein the 
selenium is between approximately 10 to approximately 5 mg, 
the s-adenosylmethionine is between approximately 5 mg to 
approximately 5000 mg, and the vitamin B 12 is between 
approximately 0.1 mg to approximately 10 mg. 

7. The nutritional supplement of claim 6, wherein the 
selenium is approximately 800 fig. 

8. The nutritional supplement of claim 6, wherein the s- 
adenosylmethionine is approximately 2000 mg. 

9. The nutritional supplement of claim 6, wherein the 
vitamin B 12 is approximately 5 mg. 

10. The nutritional supplement of claim 1, further 

comprising cyanide. 

11. The nutritional supplement of claim 10, wherein the 
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selenium is between approximately 10 /ig to approximately 5 mg, 
the s-adenosylmethionine is between approximately 5 mg to 
approximately 5000 mg, the cyanide is between approximately 1 mg 
to approximately 1000 mg, and the vitamin B 12 is between 
approximately 0.1 mg to approximately 10 mg. 

12. The nutritional supplement of claim 11, wherein the 
selenium is approximately 800 fig. 

13. The nutritional supplement of claim 11, wherein the s- 
adenosylmethionine is approximately 2000 mg. 

14. The nutritional supplement of claim 11, wherein the 
cyanide is approximately 500 mg. 

15. The nutritional supplement of claim 11, wherein the 
vitamin B 12 is approximately 5 mg. 

16 . A method of preparing nutritional supplement comprising 
the step of admixing selenium and s-adenosylmethionine components 
with a suitable carrier. 

17. A method of preparing a nutritional supplement 
comprising the step of admixing selenium, s-adenosylmethionine, 
and vitamin B 12 with a suitable carrier. 

18. A method of preparing a nutritional supplement 
comprising the step of admixing selenium, s-adenosylmethionine, 
cyanide, and vitamin B 12 with a suitable carrier. 

19. A method of administering the nutritional supplement 
of any of claims 1, 4 or 7 . 

20. A method of increasing the methylation of selenium 
comprising the step of contacting selenium with s- 
adenosylmethionine . 
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